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Abstract 


Retinoids  are  known  by  their  ability  to  inhibit  tumor  growth  and  metastasis  in  breast  cancer  indicating  their  promising 
chemo-preventive  and  therapeutic  activity.  Retinoids  exert  their  biological  functions  through  two  receptors,  RAR  and  RXR. 
RXR-bound  compounds  (rexinoid)  suppress  ER-positive  and  ER-negative  mammary  tumors  with  reduced  toxicity  compare 
to  RAR-bound  compounds.  Among  RXR  receptor  isoforms,  RXR  alpha  seems  to  play  a  critical  role  on  tumor  suppresion. 
Thus,  we  focussed  on  alpha  using  RXR  alpha  specific  ligand,  Ro25-7328,  to  study  whether  this  rexinoid  suppresses  breast 
cell  growth.  We  found  that  Ro25-7328  suppressed  the  growth  of  both  normal  HMEC  and  T47D  breast  cancer  cells. 

To  identify  genes  that  are  regulated  by  RXR  alpha,  we  treated  HMEC  with  Ro25-7328,  then  examined  changes  in  gene 
expression  using  affymetrix  microarray.  In  HMEC,  we  identified  638  genes  up-regualted  and  347  genes  down-regulated  by 
Ro25-7328  with  changes  in  fold  induction  (more  than  2  fold).  Among  them,  we  found  several  genes  which  are  involved  in 
cell  death,  cell  growth/maintenance,  signal  transduction  and  response  to  stimulus;  i.e. ,  integrin  beta4,  integrin  alpha6,  BAX, 
E-cadherin,  F0X03A,  paxillin,  STAT3,  CDC42.  Further  focussing  on  the  implication  of  those  genes  in  Ro25-7328-induced 
growth  suppression,  we  would  clarify  the  mecahnism  by  which  rexinoid  suppresses  breast  cancer  development.  -  This 
work  is  presented  by  poster  in  2005  Era  of  Hope  meeting,  June  8  -  June  11,  2005  (poster  number  #  36-13) 
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INTRODUCTION 


Breast  cancer  is  the  most  diagnosed  cancer  in  women  and  the  second  leading  cause  of 
death  from  cancer  in  women  (Jemal  et  al.,  2005).  In  2005,  the  ACS  estimates  211,240 
women  will  be  newly  diagnosed  with  breast  cancer,  and  40,410  women  will  be  died  from 
this  disease  (Jemal  et  al.,  2005).  Ultimate  purpose  of  scientist  and  clinicians  to  conquer 
this  disease  is  to  prevent  breast  cancer  incidence,  early  detect  and  treat  breast  cancer  with 
effective  and  appropriate  therapy  resulting  in  long  overall  survival  minimizing  side 
effects.  The  purpose  of  my  project  is  to  find  the  way  to  prevent  and  treat  breast  cancer 
using  retinoids.  Retinoids  play  an  important  role  in  inhibition  of  tumor  growth  and 
metastasis  in  breast  cancer  indicating  their  promising  chemo-preventive  and  therapeutic 
property.  Especially,  RXR-bound  retinoid  (rexinoid)  suppress  ER-positive  and  ER- 
negative  mammary  tumors  with  reduced  toxicity  compared  to  RAR-bound  compounds 
(Gottardis  et  al.,  1996;  Wu  et  al.,  2002a,  2002b).  Rexinoids  are  also  active  in  animals  in 
tamoxifen-resistant  breast  cancer  (Bischoff  et  al.,  1999;  Lippman  and  Lotan,  2000)  and  in 
all-trans-RA-resistant  breast  cancer  cells  (Crowe  and  Chandraratna,  2004).  These  suggest 
that  it  is  worthy  to  work  on  rexinoids  to  test  their  ability  to  prevent  normal  breast  cell 
growth  and  breast  cancer  cell  growth,  and  further  clarify  the  mechanism  by  which 
rexinoids  suppress  breast  cancer  development.  For  that  purpose,  we  identified  genes 
regulated  by  rexinoid,  and  selected  several  target  genes  that  could  be  involved  in 
rexinoid-induced  growth  inhibition.  From  this  finding,  we  may  discover  by  which 
pathway  rexinoid  exerts  its  tumor-suppressive  activity,  and  we  may  find  the  way  to 
prevent  and  treat  breast  cancer. 
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BODY 


Retinoid  receptors  are  expressed  in  normal  and  malignant  breast  epithelial  cells  and  are 
critical  for  normal  development  (Decensi  et  al.,  2003).  Retinoid  receptors  are  ligand- 
dependent  transcription  factors  which  modulate  gene  expression  upon  DNA  binding.  The 
two  families  of  retinoid  receptors  (RARs  and  RXRs)  exist  with  three  isotypes,  a,  (3,  y, 
encoded  by  separate  genes,  and  represents  numerous  alternatively  spliced  variants.  The 
retinoids  are  active  as  dimers  (heterodimers  or  homodimers);  RARs  heterodimerize  with 
RXRs,  RXRs  heterodimerize  with  multiple  members  of  steroid  receptors  family,  such  as 
RAR,  thyroid  hormone  receptor  (TR),  Vitamin  D  receptor  (VDR),  peroxisome 
proliferator-activated  receptor  (PPAR),  liver  X  receptor  (LXR),  famesoid  X  receptor 
(FXR)  and  pregnane  X  receptor  (PXR)  suggesting  its  involvement  in  several  signaling 
pathways.  RXR  also  homodimerize  in  transfected  cells  (Zusi  et  al.,  2002). 

For  the  first  year  of  the  grant  research,  we  generally  followed  the  approved  statement  of 
work  using  the  noticed  breast  cell  lines,  but  using  different  RXR-bound  compound.  We 
previously  focused  on  LGD1069  and  LG  100268  compounds  (rexinoids)  which  randomly 
bind  to  RXR  isoforms  and  planed  to  work  on  LGD  1069-target  gene  IGFBP-6  to 
investigate  the  role  of  this  gene  in  breast  cancer  suppression  induced  by  LGD  1069 
(statement  of  work).  But  in  the  first  period  of  this  study,  we  used  another  specific 
rexinoid,  Ro25-7328  which  exclusively  bind  RXR  a  isoform.  Because,  RXR  a  seems  to 
play  a  critical  role  in  tumor  suppression.  It  was  reported  that  over-expression  of  RXR  a 
sensitized  breast  cancer  cell  lines  to  the  anti-proliferative  effect  of  RXR-selective  ligand 
(Crowe  and  Chandraratna,  2004),  moreover,  infection  of  adenoviral  RXR  a  induced 
nucleoplasmic  over-expression  of  RXR  a  and  resulted  in  apoptosis  under  treatment  with 
an  RXR  ligand  in  retinoid-resistant  MDA-MB-231  (Tanaka  et  al.,  2004).  Hence,  we 
focused  on  RXR  a  isoform  to  see  its  peculiar  role  in  tumor  suppression  identifying  genes 
regulated  by  Ro25-7328.  Human  RXR  a  gene  spans  over  40  kilobases  in  size  and 
consists  of  at  least  10  exons  separated  by  introns  ranging  in  size  from  700  base  pairs 
(intron  3)  to  more  than  7.8  kb  (intron  4)  (Li  et  al.,  2000). 


Result  1.  Expression  of  RXR  a  in  breast  cell  lines 

We  first  determined  the  expression  of  RXR  a  in  1  normal  breast  cells  (human  mammary 
epithelial  cells  -  HMEC)  and  2  retinoid-sensitive  breast  cancer  cells  (MCF-7  and  T47D) 
and  2  retinoid-insensitive  breast  cancer  cells  (MDA-MB-231  and  MDA-MB-435).  We 
found  that  all  breast  cell  lines  express  RXR  a  but  with  different  intensity.  MCF-7  and 
T47D  expressed  higher  amount  of  RXR  a  -  (Figure  1  -  Figure  2  in  poster). 

Interestingly,  ER-negative  breast  cancer  cells  which  do  not  respond  to  retinoid  treatment 
such  as  MDA-MB-231  and  MDA-MB-435  also  expressed  RXR  a.  This  suggests  that 
RXR  a  is  uon-functioual  losing  DNA  binding  activity  or  failing  to  recruit  essential 
co-activators  required  for  the  gene  activation.  Different  and  inappropriate  sub- 
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localization  of  the  receptor  may  also  explain  the  unresponsiveness  of  the  cells  to 
retinoid. 

Secondly,  we  tested  the  anti-proliferative  effect  of  RXR  a  specific  compound,  Ro25- 
7328  in  HMEC  cells  and  retinoid-sensitive  cells,  MCF-7  and  T47D.  By  MTT  assay,  we 
found  that  Ro25-7328  suppressed  HMEC  normal  breast  cell  growth  by  dose-dependent 
manner.  (Figure  2  -  see  Figure  3  in  poster).  We  also  found  that  Ro25-7328  suppressed 
T47D  cell  growth  at  1  pM  (Figure  3  -  see  Figure  4  in  poster).  Ro25-7328  induced  mild 
suppression  of  the  cell  growth  in  MCF-7  at  1  pM  although  MCF-7  cells  expressed  the 
highest  quantity  of  RXR  a  (Figure  4).  Besides,  all -trans  RA,  9-c/s-RA  and  13-cis-RA 
have  the  tendency  to  inhibit  cell  growth  in  HMEC,  and  strongly  inhibit  the  cell  growth  in 
T47D.  These  results  indicate  that  RXR  a  agonist,  Ro25-7328  suppressed  the  growth 
of  HMEC  and  retinoid-sensitive  breast  cancer  cells,  T47D  and  MCF-7.  Hence,  RXR 
a  seems  to  play  an  important  role  “at  least  in  part”  for  growth  suppression  induced 
by  rexinoid  in  breast  cells.  Moreover,  the  amount  of  RXR  a  receptor  may  not  be 
related  to  the  inhibition  of  breast  cell  growth  induced  by  Ro25-7328. 

Next  plan  of  the  related  study; 

We  did  not  yet  perform  MTT  assay  on  retinoid-insensitive  breast  cancer  cell  lines,  MDA- 
MB-231  and  MDA-MB-435,  although  we  suppose  that  RXR  a-specific  ligand,  Ro25- 
7328  would  not  influence  the  cell  growth  in  both  cell  lines.  This  work  will  be  completed 
in  the  next  term  and  we  may  further  investigate  the  function  of  RXR  a  in  retinoid- 
insensitive  cell  lines. 


Result  2.  Determine  RXR  a  target  genes  of  HMEC  by  Affymetrix 
microarray 

For  the  next  step  of  the  study,  we  identified  genes  regulated  by  RXR  a-specific  ligand, 
Ro25-7328  in  normal  breast  cells.  Gene  expression  profiles  were  established  by  using 
Affymetrix  microarray  (human  genome  U133A  2.0).  For  that  purpose,  we  treated  HMEC 
cells  with  Ro25-7328  using  the  concentration  which  most  strongly  suppressed  the  cell 
growth  (10  pM),  and  total  RNA  sample  was  harvested  after  12h;  this  time  point  was 
selected  for  study  since  retinoid  treatment  would  likely  regulate  the  expression  of  genes 
earlier  than  24h  (Ma  et  al.,  2003).  We  then  examined  changes  in  gene  expression  by 
using  the  microarray  to  investigate  which  genes  are  related  to  cell  growth  inhibition 
induced  by  the  RXR  a  agonist.  In  HMEC,  we  identified  638  genes  up-regulated  and 
347  genes  down-regulated  by  Ro25-7328  with  changes  in  fold  induction  greater  than 
2  fold.  22  genes  were  strongly  up-regulated  (more  than  10  fold),  and  5  genes  were 
strongly  down-regulated  (more  than  4  fold)  in  expression  levels  by  Ro25-7328  (Table  1 
and  2  -  see  Table  1  and  2  in  poster). 

Among  them,  we  found  several  genes  which  are  involved  in  cell  death,  cell 
growth/maintenance,  signal  transduction  and  response  to  stimulus;  i.e.,  integrin 
beta  4,  integrin  alpha  6,  cadherin  1,  type  1,  E-cadherin  (epithelial)  (CDH1),  paxillin 
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(PAX),  BCL2-associated  X  protein  (BAX),  forkhead  box  03A  (F0X03A),  signal 
transducer  and  activator  of  transcription  3  (STAT3),  collagen,  type  VI,  alpha  3,  cell 
division  cycle  42  (CDC42),  etc.  We  selected  our  major  genes  of  interest  by  referring  to 
PathArt  program  which  demonstrate  the  relationship  between  genes  by  several  signaling 
pathways  (Figure  5-8  -  see  Figure  5-8  in  poster). 

Result  3.  Confirm  the  changes  of  modulation  of  RXR  a  target  genes  of 
HMEC  by  real-time  RT-PCR  and  western  blot  analysis 

The  induction  of  a  total  of  7  genes  by  rexinoid  was  confirmed  by  real-time  RT-PCR 
assays  including  integrin  beta  4,  integrin  alpha  6,  E-cadherin  (CDH1),  PAX,  BAX, 
F0X03A,  STAT3;  up-regulation  of  those  genes  by  Ro25-7328  was  confirmed  (Figure  9 
-  see  Figure  9  in  poster).  The  changes  in  fold  induction  of  integrin  beta  4,  integrin  alpha 

6,  E-cadherin  (CDH1),  PAX,  BAX,  F0X03A,  STAT3were  confirmed  by  western  blot 

analysis;  up-regulation  of  BAX,  E-cadherin,  interleukin  alpha  6  and  the  down-regulation 
of  CDC42  were  confirmed  (Figure  10  -  see  Figure  10  in  poster). 

Next  plan  of  the  related  study; 

We  need  to  confirm  some  more  down-regulated  genes  by  real-time  RT-PCR  and  western 
blot  analysis  -  i.e.,  collagen ,  type  VI,  alpha  3.  This  confirmation  will  be  completed  in  the 
next  term. 

Among  selecting  genes,  we  are  especially  interested  in  CDH1,  F0X03A  and  BAX. 

BAX  belongs  to  bcl-2  family  which  is  involved  in  apoptotic  pathway.  Among  the 
members  of  this  family,  Bcl-2  and  Bcl-XL  act  as  anti-apoptotic  regulators,  while  Bax  and 
Bak  act  as  pro-apoptotic  regulators.  Over-expressed  Bax  is  transported  to  the 
mitochondria  where  it  induces  the  release  of  cytochrome  c.  Released  cytochrome  c  binds 
Apaf-1  and  caspase-9,  and  induces  apoptosis  in  cells  (Finucane  et  al.,  1999;  Ikeguchi  et 
al.,  2002).  On  the  other  hand,  Bcl-2  binds  to  Bax  and  can  form  heterodimers,  thus 
inhibiting  Bax  activity.  The  ratio  of  Bcl-2  to  Bax  protein  has  been  reported  to  be 
correlated  with  apoptosis  in  cancer  cells  (Ikeguchi  et  al.,  2002;  Oltvai  et  al.,  1993). 
Reduced  levels  of  Bax  proteins  have  been  associated  with  poor  responses  to 
chemotherapy  and  shorter  overall  survival  in  women  with  metastatic  breast  cancer 
(Redondo  et  al.,  2003;  Krajewski  et  al.,  1995). 

E-cadherin  is  a  cell-to-cell  adhesion  glycoprotein  and  potent  invasion/tumor  suppressor. 
This  protein  consists  of  large  extracellular  domain  comprising  five  cadherin-motif 
subdomains,  a  single-pass  transmembrane  segment  and  a  short  conserved  cytoplasmic 
domain,  which  interacts  with  several  proteins,  termed  catenins  (Berx  and  Van  Roy, 
2001).  E-cadherin  is  expressed  in  normal  breast  epithelium,  benign  breast  lesions  and 
breast  carcinoma  (Harigopal  et  al.,  2005).  The  loss  of  E-cadherin  expression  or  function 
in  epithelial  carcinomas  seems  to  disrupt  tight  epithelial  cell-cell  contacts  resulting  in 
release  of  invasive  tumor  cells  from  the  primary  tumor.  Hence,  E-cadherin  is  believed  to 
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serve  as  a  widely  acting  suppressor  of  invasion  and  growth  of  epithelial  cancers  (Hazan  et 
al.,  2004).  Human  E-cadherin  gene  (CDH1)  contains  16  exons,  bridges  a  region  of  100 
kbp  and  was  localized  by  different  approaches  on  chromosome  16q22.1  (Mansouri  et  al., 
1988;  Natt  et  al.,  1989;  Berx  et  al.,  1995;  Berx  et  al.,  1998).  Loss  or  mutations  of  CDH1 
are  involved  in  cancers  for  breast,  ovary,  endometrium,  stomach  and  thyroid  (Graff  et  al., 
1995;  Berx  et  al.,1998;  Berx  and  Van  Roy,  2001). 

Mammalian  forkhead  members  of  the  class  O  (FOXO)  transcription  factors,  including 
FOXOl,  FOX03a,  FOX04  are  implicated  in  the  regulation  of  a  variety  of  cellular 
processes,  including  the  cell  cycle,  apoptosis,  DNA  repair,  stress  resistance,  and 
metabolism.  FOXO  proteins  are  negatively  regulated  by  the  phosphatidylinositol  3- 
kinase-Akt  signaling  pathway,  which  is  activated  by  growth  factors  and  cytokines. 
Similar  to  the  tumor  suppressor  p53,  FOXO  is  activated  by  stress,  and  induces  the 
expression  of  genes  that  contributes  to  cell-cycle  arrest,  suggesting  that  it  also  functions 
as  a  tumor  suppressor  (Furukawa-Hibi  et  al.,  2005). 


Result  4.  Determine  RXR  a  target  genes  of  MCF-7  by  Asymetrix 
microarray 

We  also  identified  genes  regulated  by  RXR  a  in  MCF-7,  retinoid-sensitive  cell  line.  RXR 
a  compound,  Ro25-7328  induced  mild  growth  suppression  in  this  cell  line.  Gene 
expression  profiles  were  established  by  using  Affymetrix  microarray  (human  genome 
U133A  2.0).  We  treated  MCF-7  cells  with  Ro25-7328  using  the  same  concentration  used 
for  HMEC  (10  pM),  and  total  RNA  sample  was  harvested  after  12h.  We  then  examined 
changes  in  gene  expression  by  using  the  microarray  to  investigate  which  genes  are  related 
to  cell  growth  inhibition  induced  by  the  RXR  a  agonist.  In  MCF-7,  we  identified  83 
genes  up-regulated  and  98  genes  down-regulated  by  Ro25-7328  with  changes  in  fold 
induction  greater  than  2  fold  (Table  3  and  4). 

Among  them,  we  found  several  interesting  genes  which  could  be  involved  in  cell 
growth  inhibition  induced  RXR  a  agonist,  Ro25-7328.  i.e.,  transforming  growth 
factor,  beta  2,  protein  kinase  C,  delta  binding  protein,  cathepsin  S,  transforming 
growth  factor,  beta  1  (Camurati-Engelmann  disease),  basigin,  myeloid  cell  leukemia 
sequence  1  (BCL2-related)  (MCL-1),  BCL2-like  1(BCL2L1).  We  selected  our  major 
genes  of  interest  by  referring  to  PathArt  program  which  demonstrate  the  relationship 
between  genes  by  several  signaling  pathways  (Figure  11-12).  We  found  little 
overlapping  genes  induced  by  RXR  a  agonist  between  HMEC  and  MCF-7. 


Next  plan  of  the  related  study; 

We  need  to  confirm  the  regulation  of  selected  RXR  a  -target  genes  by  real-time  RT-PCR 
and  western  blot.  This  confirmation  will  be  completed  in  the  next  term. 
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KEY  RESEARCH  ACCOMPLISHMENTS 


1.  Find  the  growth  suppressive  activity  of  RAR  a  agonist,  in  HMEC,  T47D  and 
MCF-7. 

2.  Gene  profiling  for  RXR  a-target  genes  in  normal  HMEC. 

3.  Gene  profiling  for  RXR  a-target  genes  in  MCF-7. 


REPORTABLE  OUTCOMES 


Some  part  of  this  work  is  presented  in  2005  Era  of  Hope  meeting  (poster  presentation- 
#poster  number;  p36-13  #abstract-  proceedings  ;  pp  253) 
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CONCLUSION 


To  reach  our  ultimate  goal  -  study  the  molecular  mechanism  by  which  retinoids  suppress 
breast  cancer  development,  we  focused  our  attention  on  RXR-specific  ligands  (rexinoids) 
which  have  been  reported  to  suppress  breast  cancer  development  with  minimal  toxicity 
compare  to  RAR-specific  ligands.  We  also  oriented  our  study  toward  RXR  a  isoform, 
which  plays  an  important  role  in  tumor  suppression. 

We  found  that  RXR  a  agonist  Ro25-7328  suppressed  the  growth  of  breast  cells  -  normal 
HMEC  cells  and  retinoid-sensitive  breast  cancer  cell  lines  (MCF-7  and  T47D).  Gene 
profiling  using  Affymetrix  microarray,  we  identified  several  interesting  RXR  a-target 
genes  in  both  HMEC  and  MCF-7. 

In  HMEC,  we  identified  638  genes  up-regulated  and  347  genes  down-regulated  by  Ro25- 
7328  with  changes  in  fold  induction  greater  than  2  fold.  We  selected  several  interesting 
genes,  and  confirmed  their  regulation  levels  by  real-time  RT-PCR  and/or  western  blot 
analysis  -  they  include  integrin  beta  4,  integrin  alpha  6,  E-cadherin  (CDH1),  PAX,  BAX, 
F0X03A,  STAT3  and  CDC42. 

In  MCF-7,  we  identified  83  genes  up-regulated  and  98  genes  down-regulated  by  Ro25- 
7328  with  changes  in  fold  induction  greater  than  2  fold.  We  selected  several  interesting 
genes,  and  need  to  confirm  their  regulation  levels  by  real-time  RT-PCR  and/or  western 
blot.  Our  selecting  genes  include  transforming  growth  factor,  beta  2,  protein  kinase  C, 
delta  binding  protein,  cathepsin  S,  transforming  growth  factor,  beta  1  (Camurati- 
Engelmann  disease),  basigin,  MCL-1,  BCL2L1. 

All  those  selected  might  to  be  implicated  in  growth  inhibition  of  breast  cells  induced  by 
Ro25-7328.  Profound  investigation  of  our  interesting  genes  -  CDH1 ,  F0X03A  and  BAX 
(HMEC)  and  cathepsin  S,  TGF(32,  basigin,  MCL-1  and  BCL2L1  (MCF-7),  may  lead  us 
to  clarity  how  RXR  a  agonist  functions  to  inhibit  breast  cell  growth. 

This  study  could  help  us  to  find  new  preventive/therapeutic  target  for  breast  cancer,  and 
may  contribute  to  develop  novel  molecule  which  could  inhibit  breast  cancer 
development. 

We  will  secondly  test  the  effect  of  other  RXR  a  agonists  —  LGD1069  and  LG100268  on 
breast  cell  growth  as  we  mentioned  in  our  statement  of  the  work.  They  are  well-known 
rexinoids  which  inhibit  tumor  development,  and  we  will  study  their  ability  to  inhibit 
breast  cancer  development  in  our  system. 
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Genes  down-regulated  by  Ro25-7386  in  HMEC 


Figure  5 


IGF  signaling  pathway 


Figure  6 


p53  signaling  pathway 


Figure  7 


VEGF  signaling  pathway 


Figure  8 


Progesterone  signaling  pathway 
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mRNA  levels  of  RXRa-regulated  genes  in  HMEC 
(measurement  by  real-time  RT-PCR) 
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Protein  levels  of  RXRa-regulated  genes  in  HMEC 
(measurement  by  Western  blot  analysis) 
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overexpressed  in  human  breast  cancer.  Prior  work  in  our  lab  showed  that  the  down- 
regulation  ot'  overall  levels  of  AIB1  plus  A3AIB1,  using  a  regulatable  AIB1  directed 
ribozyme,  resulted  in  reduced  tumor  growth  in  vivo.  Overall,  these  data  indicate  a 
major  role  for  AIBl  and  its  isoform  A3  AIBl  in  breast  cancer  development  and  growth. 
However  the  relative  roles  of  A1BI  versus  the  more  highly  active  A3AFB1  in  pheno¬ 
typic  changes  in  the  breast  has  not  been  determined.  As  a  prelude  to  these  sLRNA 
studies,  we  developed  primers  to  specifically  detect  the  A3AEB1  isoform  by  the  tech¬ 
nique  of  real-time  PCR.  The  primer  sequence  specific  for  A3AIB1  overlaps  the  exon  3 
splice  junction.  We  used  beta  actin  and  GAPDH  to  normalize  for  RNA  loading.  Our 
results  showed  that  for  both  the  A3AIB1  plasmid  control  and  the  MCF-7  breast  cancer 
cell  tine,  we  were  able  to  pick  up  a  signal  for  A3A1BI .  This  data  provides  a  basis  on 
which  we  can  design  siRNA  to  specifically  target  the  A3  A  IB  l  isoform.  Ultimately,  the 
information  from  this  study  will  be  used  as  a  basis  for  the  development  of  AJB1  and 
A3A1B1  directed  siRNA  as  a  potential  therapy  in  humans. 

The  US.  Army  Medical  Research  and  Materiel  Command  under  W8 1 XWH- 04-1-0344 
supported  this  work. 

P36-12:  EVIDENCE  THAT  EMCA1  IS  A  GENETIC  DETERMINANT 
OF  E2-INDUCED  MAMMARY  TUMOR  INCIDENCE  AND  TUMOR 
MULTIPLICITY  IN  THE  ACI  RAT 

Beverly  S.  Schaffer,1,2  Martin  Tocbacek,2,3  Karen  L.  Pennington,1*2  Jane  L.  Meza,4 
and  James  D.  ShuUlAW 

’Department  of  Genetics,  Cell  Biology  and  Anatomy,  2Eppley  Institute  for  Cancer 
Research,  department  of  Biochemistry  and  Molecular  Biology,  department  of 
Preventive  and  Societal  Medicine,  department  of  Pathology  and  Microbiology, 
University  of  Nebraska  Medical  Center,  Omaha,  NE 
E-mail:  bschaffe@unmc.edu 

When  treated  with  17(3  estradiol  (E2),  female  ACI  rats  rapidly  develop  mammary 
cancers.  However,  Brown  Norway  (BN)  rats  are  resistant  to  E2-induced  mammary 
cancers.  Linkage  analysis  of  F2  progeny  from  reciprocal  crosses  between  ACI  and  BN 
rat  strains  identified  seven  loci  that  determine  susceptibility  to  E2-induced  mammary 
carcinogenesis.  Emcal  (Estrogen-induced  mammary  cancer  1)  localizes  to  Chromo¬ 
some  5  (RjN05)  and  spans  approximately  95.1  Mb  between  polymorphic  markers 
D5RatI34  and  D5Ratl71.  To  determine  the  effect  of  Emcal  in  vivo,  a  136.4  Mb  region 
of  the  BN  RN05,  from  polymoiphic  marker  D5RatI90  through  D5Rat205  encompass¬ 
ing  the  Emcal  locus,  was  introgressed  onto  an  ACI  background  to  produce  the 
ACI.BN-D5Ratl90:D5Rat205  congenic  strain.  Female  ACI.BN-  D5Ratl90:D5Rat205 
rats  (n  -  41)  rats  treated  with  E2  for  28  weeks  exhibited  significantly  reduced  incidence 
of  mammary  cancer  (P  <  0.01;  66%)  versus  ACI  rats  (90%)  treated  with  E2  for  28 
weeks.  Latency  to  the  development  of  the  first  palpable  tumor  was  significantly  (P  < 
0.0001)  prolonged  in  the  ACI.BN-  D5RatI90:D5Rat205  rats  (171.5  ±  3.9  days)  com¬ 
pared  to  ACI  rats  (136.0  ±3.5  days).  Tumor  burden  was  also  significantly  (P  <  0.05) 
reduced  in  the  ACI.BN-  D5Ratl90:D5Rat205  rats  (1.98  ±  0.2  tumors  per  rat)  compared 
to  the  ACI  rats  (4.96  ±  0.6  tumors  per  rat).  Wc  have  developed  three  additional  con¬ 
genic  lines,  in  which  a  region  of  Emcal  from  the  BN  genome  on  RN05  has  been  intro¬ 
gressed  onto  an  ACI  background,  and  evaluation  of  the  effect  of  E2  on  the  development 
of  mammary  tumors  in  these  congenic  lines  is  currently  underway.  We  have  also 
developed  a  fourth  congenic  line  in  which  an  8.5  Mb  region  of  the  BN  genome  that 
includes  the  cdkn2a  gene,  a  candidate  gene  for  the  Emcal  locus,  has  been  introgressed 
onto  an  ACI  background.  Evaluation  of  the  effect  of  E2  on  this  congenic  line  is  also 
underway. 

The  US.  Army  Medical  Research  and  Materiel  Command  under  DAMD 1 7-03- 1-0477 
supported  this  work. 

P36-I3:  IDENTIFICATION  OF  RXR  ALPHA  TARGET  GENES 
THAT  ARE  INVOLVED  IN  THE  SUPPRESSION  OF  THE  GROWTH 
IN  HUMAN  MAMMARY  EPITHELIAL  CELLS  (HMEC) 

Hye-Sook  Seo,  Kevin  R.  Coombes,  and  Ja-SeokKoo 

Department  of  Thoracic/Head  and  Neck  Medical  Oncology,  University  of  Texas  M.D, 
Anderson  Cancer  Center,  Houston,  TX 
E-mail:  hseo@mdandcrson.org 

Retinoids,  the  natural  and  synthetic  derivatives  of  vitamin  A,  modulate  gene  expression 
or  function  related  to  embryonal  development,  cellular  proliferation,  differentiation,  and 
apoptosis  via  two  Fractionally  different  receptors,  retinoid  acid  receptor  (RAR)  and 
retinoid  X  receptor  (RXR).  Retinoids  are  also  known  by  their  ability  to  inhibit  tumor 
growth  and  metastasis  in  breast  cancer  indicating  their  promising  chemo-preventive  and 
therapeutic  property.  Especially,  RXR-bound  compounds  (rexinoid)  suppress  ER- 
positive  and  ER-negative  mammary  tumors  with  reduced  toxicity  compared  to  RAR- 
bound  compounds  (Gottardis  et  al.,  1996;  Wu  ct  al.,  2002).  Among  RXR  receptor 
isofonms  a,  (3,  and  y,  RXR  a  seems  to  play  a  critical  role  in  tumor  suppression  (Crowe 
and  Chandraratna,  2004).  Thus,  we  focussed  our  interest  on  the  a  isoform  using  an 
RXR  a  specific  ligand,  Ro25-7328,  to  study  whether  this  rexinoid  suppresses  breast  cell 
growth.  For  that  purpose  we  first  tested  the  ability  of  Ro25-732S  to  inhibit  the  cell 


growth  in  normal  HMEC  and  the  retinoid-sensitive  breast  cancer  cell  line  T47D.  By 
MTT  assay,  we  found  that  the  RXR  a  agonist,  Ro25-7328  suppressed  the  growth  of 
both  HMEC  and  T47D  by  a  dose-dependent  manner. 

To  identify  genes  that  are  regulated  by  RXR  a,  we  treated  HMEC  cells  with  Ro25-7328 
for  I2h  using  the  dose  which  most  strongly  suppressed  the  cell  growth  (10  jiM).  We 
then  examined  changes  in  gene  expression  by  using  the  affymeCrix  nucroarray  (.human 
genome  U133A  2.0)  to  investigate  which  genes  are  related  to  cell  growth  inhibition 
induced  by  the  RXR  a  agonist.  In  HMEC  we  identified  638  genes  up-regualted  and 
347  genes  down-regulated  by  Ro25-7328  with  changes  in  fold  induction  greater  than  2 
fold,  22  genes  were  strongly  up-regulated  (more  than  10  fold),  and  5  genes  were 
strongly  down-regulated  (more  than  4  fold)  in  expression  levels  by  Ro25-7328.  Among 
them,  we  found  several  genes  which  are  involved  in  cell  death,  cell 
growth/maintenance,  signal  transduction  and  response  to  stimulus;  i.e.,  integrin  (3  4, 
integrin  a  6,  fibronectin  1,  BCL2-associated  X  protein  (BAX),  (3  5  tublin,  forkhead  box 
03A  (FOX03A),  collagen  type  VI  a  3,  cell  division  cycle  42  (CDC42),  ehemokine 
ligand  14  (CXCL14)  etc.  Further  focussing  on  the  implication  of  those  genes  in  Ro25- 
7328-induced  growth  suppression  we  seek  to  clarify  the  meeahnism  by  which  rexinoids 
suppress  breast  cancer  development. 

Ln  conlcusion  we  found  from  this  study,  that  RXR  a  agonist  Ro25-7328  suppressed 
breast  cell  growth  (normal  breast  cells,  HMEC  and  retinoid-sensitive  breast  cancer 
cells,  T47D).  We  also  identified  a  set  of  genes  which  may  be  involved  in  cell  growth 
inhibition  regulated  by  Ro25-7328  using  the  uffymetrix  microarray. 

The  US.  Army  Medical  Research  and  Materiel  Command  under  W81XWH-04-1-0505 
supported  thb  work. 

P36-I4:  ANALYSIS  OF  PROGESTIN  EFFECTS  ON  HEPATOCYTE 
GROWTH  FACTOR  SIGNALING  PATHWAYS  IN  RELATION  TO 
PROLIFERATION  AND  ALVEOLAR  MORPHOGENESIS  OF  NOR¬ 
MAL  MAMMARY  EPITHELIAL  CELLS  IN  VITRO 

Kyle  T.  Smith  and  Sandra  Z.  Haslara,  Pb.D. 

Cell  and  Molecular  Biology  Program  and  Department  of  Physiology  and  Human 
Medicine,  Michigan  State  University,  East  Lansing,  MI 
E-mail:  smithky7@msu.edu 

Progestins  (P)  are  major  mitogens  in  the  adult  human  breast  and  can  significantly  con¬ 
tribute  to  breast  cancer  risk.  To  study  P  action  we  have  developed  a  serum  free,  three 
dimensional  system  to  study  mammary  organoids  in  primary  culture.  We  determined 
that  for  P-induced  proliferation  and  morphogenesis  to  occur  in  normal  mouse  mammary 
cells,  the  presence  of  hepatocyte  growth  factor  (HGF)  is  required.  HGF  alone  induces 
proliferation  and  a  ductal  morphogenesis,  Treatment  with  HGF+P  results  in  increased 
proliferation  and  alveolar-like  morphogenesis. 

The  goal  of  this  study  was  to  determine  the  signaling  pathways  by  which  P  and  HGF 
interact  to  promote  growth  of  normal  adult  mammary  epithelial  cells.  This  was  accom¬ 
plished  by  use  of  immuoohistochemical  staining  of  HGF  signaling  intermediates  and 
biochemical  inhibitors  of  relevant  signaling  pathways.  The  expression  of  Met  was 
examined  after  treatments  of  HGF  or  HGF+P  to  determine  if  P  altered  HGF  signaling  at 
the  level  of  the  receptor.  No  difference  in  Met  expression  was  seen  under  HGF+P 
treatment,  however  it  was  noted  that  Met  expression  in  the  myoepithelial  cells  was 
higher  than  the  luminal  celts.  The  expression  of  cyclin  Dl,  required  for  alveologenesis 
in  vivo,  was  also  investigated.  Cyclin  DI  was  more  highly  expressed  under  HGF+P 
treatment  and  was  localized  primarily  to  the  nucleus  compared  to  HGF  or  P  alone. 
Progesterone  receptor  (PR)  isoform  expression  was  examined  since  it  has  been  shown 
that  the  ratio  of  the  A  and  B  isoforms  can  affect  alveolar  formation.  PR  A  expression 
appeared  to  be  down-regulated  by  HGFfP  versus  other  treatments.  PR  B  was  most 
highly  expressed  in  organoids  treated  with  HGF+P.  Since  both  the  extra-cellular  regu¬ 
lated  kinase  (ERK)  and  the  phosphatidyl- inositol  3 -kinase  (PI3K)  pathways  have  been 
shown  to  be  important  for  HGF  induced  proliferation  and  morphogenesis,  inhibitors  of 
those  pathways  were  used.  Blocking  of  either  mitogen/extracellular  signal-regulated 
kinase  kinase  (MEK.I/2)  or  PI3K  resulted  ua  a  50%  reduction  in  proliferation  of  HGF 
and  HGF+P  treated  organoids.  These  inhibitors  had  less  inhibitory  effect  on  the  ductal 
and  alveolar-  like  morphologies  produced  by  HGF  or  HGF+P  treatment  respectively. 

We  conclude  that  increased  expression  of  cyclin  Dl  and  PR  B  are  correlated  with 
increased  proliferation  and  alveolar-like  morphology  seen  in  response  to  HGF+P  treat¬ 
ment.  It  also  appears  that  the  PI3K  and  MEK.I/2  signaling  intermediates  in  the  path¬ 
ways  responsible  for  the  proliferative  and  morphologic  responses  of  HGF+P.  It  is 
expected  that  the  understanding  of  P-induced  proliferation  in  normal  mammary  epithe¬ 
lial  cells  will  advance  our  understanding  of  the  role  of  P  in  breast  cancer  development. 

The  US.  Army  Medical  Research  and  Materiel  Command  under  DAMD 17-02-1  -0488 
supported  this  work. 
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ABSTRACT 

Retinoids,  the  natural  and  synthetic  derivatives  of  vitamin  A,  modulate  gene  expression  or  function  related 
to  embryonal  development,  cellular  proliferation,  differentiation,  and  apoptosis  via  two  finctionally  different 
receptors,  retinoid  acid  receptor  (RAR)  and  retinoid  X  receptor  (RXR).  Retinoids  are  also  known  by  their 


than  RAR-selective  ligands  in  animal  models  of  breast  cancer  prevention  studies 
(Gottardis  et  al.,  1996;  Lippman  and  Lotan,  2000;  Wu  et  al.,  2002).  Rexinoids  are  also 
active  in  animals  in  tamoxifen-resistant  breast  cancer  (Bischoff  et  al.,  1999;  Lippman 
and  Lotan,  2000)  and  in  ATRA-resistant  breast  cancer  cells  (Crowe  and  Chandraratna, 
2004)  suggesting  its  prominent  chemo-preventivetherapeutic  activity. 
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INTRODUCTION 

Retinoids  regulate  a  variety  of  biological  functions  such  as  embryogenesis,  growth, 
differentiation,  vision  and  reproduction,  and  play  important  roles  in  modulating 
normal-  or  tumor-cell  growth  through  the  regulation  of  differentiation  and/or  apoptosis, 


western  blot  analysis.  Our  further  purpose  of  this  study  is  the  investigation  of 
selecting  genes  more  thoroughly  to  clarify  their  implication  in  HMEC  cell  growth 
suppression  induced  by  Ro25-7328,  thus  achieving  our  ultimate  goal  to  find  the 
mechanism  by  which  retinoids  suppress  breast  cancer  development. 


We,  therefore,  are  interested  in  RXR  function  in  breast  cells  with  their  regulatory 
activity  in  transcription  of  genes  involved  in  growth  suppression.  We  concentrated 
our  focus  on  the  RXRa  isoform  which  seems  to  be  a  potential  therapeutic  target  in 
breast  cancer  cells  since  over-expression  of  RXR  a  sensitized  breast  cancer  cells  lines 


Figure  1 


Primary  amino  sequences  of  RARs  and  RXRs  (Okuno  et  al.,  2004) 


and  retinoid-insensitive  breast  cancer  cells  (MDA-MB-231 
and  MDA-MB-435)  express  RXR  alpha. 
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Expression  of  RXR  alpha  in  breast  cells  (western  blot 
analysis)  -  normal  (HMEC)  and  breast  cancer  cells 
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Effect  of  RXR  alpha  agonist  Ro25-7325  on  T47D  breast 
cancer  cell  growth  (MTT  assay) 


^  r; 
ft 

<v  ^ 

ft:  So 

!>  ^ 

^  V* 

*0 

a  u> 

§.  K> 

£  9° 

3.  s 

^3  JS 

1 

OQ  ft 

2  ^ 

a  I 

*> 

s  a 
^  a 

^5"  3 

§  «a. 

(S  © 

'  Qtq 

v®0  ft 

•  a 

ft 

Co 

s* 

21 

s 

CO 


«  3 

ft  ft 
2  2 
&  Co 

2  ^ 
ftt  !S 
Qtq  qtq 

'$-^« 
g.  & 
1  ■? 
?  I 

51 

,a  a. 

Qtq 

ft  B 

|  a. 

ft 

*? 

3  3 

ft  ft 

a  s. 

*  s 

ft  a 
ft  K* 

JSl  j£ 


ft-  rB 
ft  oo 

ft  ft 

^  I 

Or 


ft 

ft 

ft* 


£ 

3  °S 

Co  ft 

ft*  ft 
ft  £ 


ft,  .ft** 


ft* 

S'  SB 

s- 

ft  v« 

-  a 

K) 

o© 


hi 


N  >) 

*  ft 

€  ft- 
ft  .ft 
,  Qtq 

5s  ^ 

ft  ft- 
ft  <* 

a^ 

o©  § 

%  a 

ft 
ft 

Co 


ft 

ft 

5s 


s 


ft 
ft- 
ft  ft 

a  5 

**-  Qtq 

^  s 

2  ft- 

Co  Vw. 

-  a5 

1$  s: 

S  S' 

8s  & 
ft  ft 

•  §• 
Ki  ft 

^  Qrq 
Qtq  5s 


•S 

i 

J2 

Qtq 

ft 


ft 


ft 


ft  ft 

ft  ft 
Co 


ft 

2 
ft 

,1 

IX 

s*.  a5 

&  5 
a  3 

*•  § 
u>  s 

•tek  Oq 
V|  <* 

»S  § 
a  3 
8  * 

g.  s 
1  £ 
I  £ 


o 

00 


I  I 
p 


bJ 

N> 

bM 

to 

bO 

K> 

[Nj 

bO 

to 

bO 

bO 

bo 

N> 

bO 

bo 

bO 

K> 

bo 

bo 

bO 

bO 

bO 

bo 

to 

bJ 

H-k 

o 

)— l 

O 

o 

i— * 

o 

O 

o 

i— * 

O 

»— 1 

O 

1 — k 

O 

M 

o 

o 

l—l 

i — k 

o 

o 

o 

)— k 

1— k 

o 

-0 

OO 

)— k 

CO 

o 

bJ 

oo 

o 

bO 

<1 

bO 

-p 

i—i 

Cf« 

-P 

)— k 

U\ 

Ov 

CO 

b* 

On 

00 

00 

oo 

bO 

o 

CO 

o> 

-0 

00 

VO 

OO 

bO 

1— k 

o 

VO 

h-k 

-p 

VO 

vo 

CO 

cn 

CM 

Ni 

o 

VO 

C/i 

o 

VO 

Cn 

Cn 

CO 

cn 

CO 

1— k 

o 

-p 

o 

<1 

bo 

-o 

oo 

-o 

VO 

CM 

cn 

CM 

1 

CM 

1 

,<* 

LO 

1 

I®' 

,<* 

,<* 

Ch 

1 

C/i 

1 

oo 

1 

t— k 

1 

00 

1 

Os 

I 

1 

o 

1 

1 

K> 

1 

i® 

Cf> 

,w 

CO 

1 

lw 

P 

cn 

1 

C/5 

1 

CO 

1 

1^ 

oo 

1 

|W 

in 

00 

1 

OO 

1 

X 

\* 

v> 

1 

& 

cn 

1 

1 

lw 

CO 

1 

lw 

r 

p 

P 

P 

p 

p 

p 

p 

P 

p 

P 

p 

P 

P 

P 

P 

p 

p 

p 

1 

p 

tt 

p 

p 

p 

rM 

(— ► 

rt- 

r+ 

r-h 

rt 

r+ 

r+ 

p+ 

r-K 

i— ► 

r+ 

rt 

r— f 

p+ 

l-t- 

< 

S' 

o 

o 

13 

B* 

£31 

cr 

M 

o 

| 

5' 

CD 

CTQ 

3* 

«■ 

CD 

ao 

o 

o 

p 

rf 

CD 

bO 

CD 

3 

CD 

ov 

□. 

2. 

CL 

n> 

N 

h-H 

M 1 

O 

i-t- 

5' 

s 

3 

O" 

3 

E. 

< 

CD 

in 

H 

g- 

i — ‘ 

CD 

i— t 

CD 

i-m 

^5“ 

O 

3 

P 

er 

CD 

cr 

ct> 

P 

p 

Os 

3 

rD 

>  n 


H 

hd 

p 

cn 

CD 


5 

GO 

O 

13 

O 

o 

rjq 

cd 

Q 

Sf 

I 

*5 


3 

cr 


o 

"a 

>-t 

o 

r+ 

CD 

S’ 


M  V) 

+  O 
^  o 

ef  a 

p  & 

3  2 

00  3 

O  ^ 

as 

5  o 

3*  o 


on 

o 

oo 

O 

3 

P 


CD 

X* 

CD 

3 


O  P 

5s 

j»  2. 

<  s 

CD 

CL 

CO  v — ' 

C 

cr 


o  <d 

5-  3 
-  S' 

5*  ~ 

5  cr 

2  S’ 
g  cl 
CD  S' 

6  era 

P  T3 

«  o 
3}  ff 

1  5’ 
CD  ^ 

3 

<— f 

cr 

5* 

CL 

S' 

CTQ 
13 

Ml 

O 

rf 

cd 

S' 

o 
o 


p 


.08 


o  -• 

p  s 

a  sr 

5"  c to 
cd  5 
"i  -• 

3  “ 

h-  O" 

-  ft, 

&  p 

ns 

cd 


W 

o 
P 
CL 
3“ 
■  CD 
2, 
3* 


2. 

5* 

n 

o 

s 


> 


vO 

►— » 

O 

O 

lp 

00 

O 

b 

CM 

PI 

tu 

X5 

"6 

Cl 

o 

& 

8 

a 

g 

o 

3 

• 

"a 

5’ 

CD 

H? 

5“ 

zr 

1 

n 

i 

■I 

o 

cr 

fD 

GC 

fD 


O 

fD 

s 

cd 

Z 

3 

3 

fD 


*1 

O 

a 

n 


era 

fD 


O 

fD 

3 

fD 


o 

3 


H 

65 

fO 


Genes  up-regulated  by  Ro25-7386  in  HMEC 


<1 

IO 

o 


to 


NJ 

hJ 

K) 

K> 

to 

K) 

to 

to 

to 

to 

to 

to 

to 

to 

to 

to 

to 

to 

to 

to 

to 

<3 

to 

to 

to 

to 

to 

H-* 

O 

O 

t— 1 

0 

O 

0 

>— k 

1— k 

0 

1— k 

1 — ‘ 

0 

0 

0 

0 

0 

>— » 

0 

l—k 

0 

0 

0 

0 

0 

00 

00 

OO 

00 

tO 

~o 

00 

vo 

vyi 

Ui 

UJ 

VO 

U-> 

4P 

OJ 

4P 

VO 

0 

to 

VO 

-p 

O 

-0 

00 

VO 

K) 

00 

0 

ON 

ov 

VO 

4P 

-0 

00 

0 

-J 

l—k 

UJ 

-tL 

0 

(X 

l—k 

00 

■O 

ov 

O 

1— ‘ 

00 

O 

to 

OV 

4P 

VO 

00 

Ov 

4P 

(— k 

00 

<1 

4P 

-o 

l—k 

to 

)— k 

4L. 

0 

00 

OJ 

K> 

-J 

1 

UJ 

1 

1 

0 

1 

1 

00 

1 

00 

I 

1s0 

LO 

1 

1 

00 

1 

1 

I®' 

I'J 

0 

1^ 

ur\ 

to 

1 

00 

1 

-P 

1 

l°° 

Ui 

1 

p 

p 

P 

p 

1 

p 

p 

p 

'x 

p 

p 

w 

p 

in 

D3 

M 

p 

p 

1 

p 

r-k 

P 

p 

1 

m 

p 

P 

ca 

<— r- 

«— ► 

<— ► 

<—► 

'b 

1 

a 

<— K 

r-K 

1 

s 

r-^ 

r-t- 

'b 

'b 

r-k 

r-k 

r-k 

r-k 

r-k 

r-k 

1 

P 

r-k 

r-k 

JO 

to 

to 

to 

to 

to 

to 

to 

to 

to 

to 

to 

to 

to 

JO 

to 

to 

LkJ  V>J 

LtJ 

UJ 

OJ 

O) 

LkJ 

UJ 

to 

Lri 

bo 

-0 

bo 

bo 

bo 

bo 

bo 

bo 

bo 

bo 

VO 

VO 

O 

O 

i-4 

to 

oj 

4^ 

4^ 

Ul 

LO 

— j 

IS\ 

00 

VO 

VO 

to 

to 

LO 

U) 

Ov 

-0 

00 

Ol 

— 

Ol 

to 

VO 

VO 

OJ 

OO 

VO 

•a  O  O 

n  A  "O 
S'  =  3 


•n  £2. 
PS  (jq* 

9  3 

W  P 
■9  =n 
O  3 

n  2° 

o 


o  a*  3“ 
r*  q 

=  8  e 

“3  Q.  ^ 
7!  _  Q. 

2.  8  n 


n 

a 


=  —  O 


n 

V! 

O 


3  3 

Q.  3 


o5  (r  CL 


g  EL  £ 

g-  §.  I 

3  5  n 

3  3 


£ 


=  £  y 


2.  5  ®  c 

I  u  i  i 

|  3  £.  3 

5  r*  w 

■§  ft  B*  ° 

§  o  =*  3 

^  3 


| 

3 


o 

3  o 

o  *a 
B 

5 


or  *3 
or 
□ 


w* 

I 


J*  E  o 


o 
c 
?♦’  *a 

5‘  S' 
3  *' 


B 

3 

a 

o 

e« 

■8 

3 

S- 

« 


Eg 

I 

C_ 

S 

3 

3 


gr  § 

3'  E 
<iq  c 

•t 

P 

(rz 

n 


3 

3, 

5* 

8 

3 

§ 

n 

a 

o 

I 

5 

co 


3 

o 

a, 


n 

Co 


o 

3 


c 

cr 

x!' 

c 


n 

*< 

n 


a 

M 

8 

a 

5? 


3  2 
Q  G> 
OC  =3 

£  -o 

<  3 

O  j — ■ 

3  S» 

<g  3 

ST  o' 

3 

o  - 
O  ? 

5  g- 

3 
« 


*  B 

o  g 

rr  E 

Q  O 

ft  8 
£.  3 
s  £. 


b-  8 


■§ 

p 


^  3 


a. 

c 

n 

o’ 

3 


sr  H 

2  3 

2.  TJ 

3  “ 
qq 

3 
c 

C /) 

n 


n  n 

>  ^ 
3£  o 
s 

n3  pr 

2"  2- 
3  Q 
01  O 

E  o 
3-  9 

«  «g 
S£2.  £5 

f'jn*  3 


S-  3-  S3 

X 


n  *o  p 
H  7*  o 

?  s  ~ 
>  2.  g 

•S  q  § 


3  m 

8 
3 


3’  “ 

I  ! 

3  e 

a  pr 


s  s.  3  s 
8-  t  *  ~ 


S  E. 


7\  0 

p  — 
o  3 

—  § 
“*  Q- 


O 

3 


O 

3 


B  ? 


fjq 

3 

E. 

5‘ 

os 

o 

p 

W3 

6 

£ 

Cl 

o 


p 

T3 

“9 

& 

1 

5’ 

Cl 

C 

o 

3* 

OQ 

'TT 

5‘ 

e 


rt  9 

8  3 
3  g- 

C  K 
'-.  1; 
2  « 
|  o5 

i  i 

o  S' 
r-  3 

■a 

3  | 

<8  0 

3 

3  O 
O 

"«  o 

xj  {L 

§  r 


fD 

CL 

n> 


*3 

o 

3 

n 

E 


§  | 

m  aa’ 
o 
3 


§ 

<A 

8 


-L  O 

3  o 


tjq 


p 
8 

o  g.  ^ 
3  d. 
w*  ^  0 


o  „ 

x.  P 

& 

3  2 

3  o’ 

rt>  3 


3  L- 
O  ft 

P  & 
O  o 

^  s 

"B-  f 
°  ^ 
•8  | 

2  a 


£  sr 

o  2 

3  T3 

3“ 

P 

rt 


*9 

o 

a 


1 

O 

O- 

ft 


O 

ft 

s 

ft 

Z 

t& 

3 

ft 


E 

O 

sr 

tt 

5 

era 

ft 


O 

ft 

3 

ft 


O 

3 


H 

p 

2 

<T 

K> 


Genes  down-regulated  by  Ro25-7386  in  HMEC 


Figure  5 


IGF  signaling  pathway 


Figure  6 


p53  signaling  pathway 


VEGF  signaling  pathway 


Figure  8 


Progesterone  signaling  pathway 


cell  division  cycle  42  ( CDC42) 
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Verification  of  the  selected  RXRa  target  genes  in  HMEC 
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mRNA  levels  of  RXRa-regulated  genes  in  HMEC 
(measurement  by  real-time  RT-PCR) 
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Protein  levels  of  RXRa-regulated  genes  in  HMEC 
(measurement  by  Western  blot  analysis) 


growth  occurred  by  rexinoids  requiring  further 
investigation. 
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